Abstract. Both human papillomavirus (HPV) infection and the aberrant Ras associated domain family gene 1A (RASSF1A) promoter methylation status participate in the pathogenesis of cervical cancer. Some studies suggest that E6, and E7 are involved in the pathogenetic mechanisms of RASSF1A. We mainly explored a possible involvement of HPV16 oncogenes E6 or/and E7 in RASSF1A promoter methylation status and possible roles of RASSF1A gene methylation in cervical cancer. Bisulfite genomic sequencing (BGS) PCR combined with TA clone, methylation-specific PCR (MSP) were used to analyze methylation status of the RASSF1A gene promoter in HPV16/18-positive and HPV-negative cervical cancer cell lines; ectopically expressed HPV16 E6, E7 and E6/E7 cervical cancer cell lines; normal cervical and cervical cancer tissues. The mRNA and protein expression of RASSF1A was detected by RT-PCR and western blotting. Re-expression and downregulated promoter methylation status were detected in the ectopically expressed HPV16 E6 and E7 cervical cancer cell line HT-3. The methylation status and expression of RASSF1A could be downregulated or reactivated by 5-Aza-dc in HT-3 and C33A cells. Additionally, statistics showed significant hypermethylation of RASSF1A in cervical cancer samples compared to that in normal cervical samples (P<0.05). The false negative rate (FNR) was 6.25% by HC2 method, when reconfirmed by HPV detection combining the MY09/11, GP5 + /6 + and SPF1/2 methods. The ectopic expression of HPV16 E6 and/or E7 may be involved in aberrant methylation and expression of the RASSF1A gene. RASSF1A gene expression could be regulated by its promoter methylation status. Additionally, the false negativity of the HPV detection may contribute to the uncertain relationship between HPV infection and aberrant RASSF1A promoter methylation.
Introduction
Cervical cancer is one of malignant tumors which seriously threaten the health of women worldwide (1) . The occurrence and development of a variety of cancer including cervical cancer is a multi-gene and factor-involved, multi-stage pathological process (2) . HPV is now widely accepted as the essential infectious etiological agent to the development of cervical cancer (3, 4) . It is well established that the two viral oncoproteins E6 and E7 mediate the oncogenic activities of high-risk human papillomavirus (hrHPV), especially HPV16 and HPV18 (HPV16/18), which have been demonstrated to play critical roles in cervical cancer through different pathways (5, 6) . HrHPV alone is necessary but insufficient for cervical carcinogenesis; only a small proportion of hrHPV-infected patients develop invasive cervical cancer, and the majority remain subclinical or exhibit only precursor lesions (7, 8) . This can be accounted for in the involvement of genetic and epigenetic factors either independently or in conjunction with hrHPV infection, therefore, these factors may be implicated in the development of cervical cancer (9) . Research has indicated that epigenetic abnormalities, particularly aberrant methylation changes, play causative roles in tumorigenesis (10, 11) .
The Ras associated domain family gene 1A (RASSF1A) located on 3p21.3, is an established TSG that can regulate cell cycle, apoptosis, and microtubule stability, whose abnormal transcription or expression are closely associated with tumor occurrence and development (12) (13) (14) (15) . It has been reported that silencing of RASSFIA via DNA methylation rather than mutational events and other genetic changes is a common HPV16 oncogenes E6 or/and E7 may influence the methylation status of RASSFIA gene promoter region in cervical cancer cell line HT-3 phenomenon occurring in most epithelial tumors, including kidney, bladder, breast, pancreatic, nasopharyngeal and cervical carcinomas (16) (17) (18) (19) (20) (21) (22) . The aberrant methylation of RASSF1A gene plays important roles in the pathogenesis of cervical cancers, which may be an early event (9, 23) . Some studies revealed an inverse correlation between RASSF1A methylation and HPV16/18 infection in cervical squamous cell carcinoma (SCC) (23, 24) , while other studies found no correlation between hrHPV infection and RASSF1A promoter methylation. Thus, further studies are needed to formally establish the relationship between RASSF1A methylation and hrHPV infection. (Fig. 1 ).
Materials and methods

Cell treatment with 5'-Aza-2-deoxycytidine (5-Aza-CdR).
For the demethylation experiments, demethylation was induced with 5-Aza-CdR treatment at a concentration that was able to induce the demethylation of the DNA without killing the cells. Caski, HT-3 and C33A cells were plated at a density of 8x10 4 cells/25 cm 2 flask and treated with various concentrations (5 and 10 µM) of 5-Aza-CdR for 96 h.
Methylation-specific polymerase chain reaction (MSP).
bisulphate-modified DNA (2 µl) was used as template to amplify in 15 µl total reaction mixture which contained 2 µl DNA, 1.5 µl 10X PCR buffer, 0.75 µl each of the forward and reverse primers, 1.2 µl dnTPs mixture, 0.15 µl Hot Start Taq polymerase (Takara), and 9.4 µl PCR water. Primers for RASSf1A gene promoter amplification was from the literature (25) . The primers for the methylated form were 5'-GAG AGCGCGTTTAGTTTCGTTTTC-3' and 5'-ACCCGTAC TTCGCTAACTTTAAAG-3' , and the primers for the unmethylated form were 5'-GAGAGTGTGTTTGTTTTGTTTTTG-3' and 5'-CCCATACTTCACTAACTTTAAACC-3'. The PCR involved an initial denaturation at 94˚C for 10 min, followed by 35 cycles consisting of 94˚C for 30 sec, optimal annealing temperature 56˚C for 30 sec, 72˚C for 30 sec, with a final extension at 72˚C for 10 min. double-distilled water as the blank control. PCR product (5.0 µl) was directly loaded on 2% agarose gels, stained with ethidium bromide, visualized and analysis under uV illumination. Each experiment was repeated three times.
DNA extraction and bisulfite genomic sequencing (BGS).
The DnA was extracted by using SDS-proteinase K and purified with phenol:chloroform:isoamyl alcohol. A qIAampDNAFFPE tissue kit (qiagen GmbH, Hilden, Germany) was used for DnA extraction from the paraffin-embedded tumor tissues. The bisulfite conversion of the DnA was performed using an EpiTect Fast DNA Bisulfite kit (qiagen, Valencia, CA, uSA) according to the instruction of the manufacturer. The methylation status of the promoter/exon 1 region of RASSF1A gene in the cervical cancer cells and cervical specimens was analyzed by BGS. BGS strand-specific primers BGSf (GGTTAAGTGTGTTGTTTTAGTAAT, from -271 to -246) and BGSR (CTACCCCTTAACTACCCCTTCC, from +413 to +434) gene were used to amplify a 704-bp region of RASSf1A gene. The purified PCR products were cloned into the puC18-T vector, and six clones from each sample were randomly selected and sequenced.
RNA extraction and real-time quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from cervical cancer cell lines and tissue samples using TRIzol (Invitrogen, Waltham, MA, USA). The cDnAs were synthesized from the templates in presence of reverse transcriptase and oligo(dT) 18 primers in accordance with the manufacturer's instructions. Forward primer (RASSF1A-F: GTGGGAGACACCTGACC TTT) and reverse primer (RASSF1A-R: TGAAGCCTGTGT AAGACCG) were design to generate a 118 bp PCR product at the appropriate annealing temperature. Double distilled water was used as a negative control and the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was amplified by primers (5'-GATGACCTTGCCCACAGCCT-3' and 5'-ATCTCTGCCCCCTCTGCTGA-3') to generate a 303 bp PCR product as the internal control. PCR reaction (20 µl) mixture was pre-denatured at 95˚C for 2 min, and 35 cycles of 94˚C for 40 sec, 55˚C for 30 sec, and 72˚C for 60 sec was performed with a final extension at 72˚C for 10 min.
Western blotting. The harvested cells were lysed in RIPA lysis buffer supplemented with protease inhibitor cocktail. Each protein lysate (30 µg) was mixed with 5X SDS-PAGE sample loading buffer, and the mixtures were boiled for 5 min. The boiled mixtures (50 µg) were then fractionated on 12% SDS-PAGE gels and subsequently transferred onto PVDf membranes (Merck Millipore, Billerica, MA, USA). The primary antibodies used for the western blot analyses were anti-RASSF1A and anti-β-actin. β-actin was used as a housekeeping protein to normalize the protein loads. HPV-DNA detection and genotyping. The detection of HPV DNA was performed in cervical cancer samples by using MY09/11, GP5 + /6 + and SPf1/2 methods. Both MY09/11 and GP5 + /6 + were performed in a final reaction volume of 20 µl, containing 3 µl of the isolated DNA, 2 µl of the 10X Buffer, 0.8 µl of each deoxynucleoside triphosphate, 0.4 µl of forward and reverse primers, and 1.0 units of Taq DnA polymerase (Genebase Bioscience, Guangzhou, China). PCR conditions of MY09/11 were as follows: preheating for 5 min at 94˚C was followed by 40 cycles of 1 30 sec at 94˚C, 1 min at 45˚C, and 1 min at 72˚C and a final extension of 7 min at 72˚C; PCR conditions of GP5 + /6 + were as follows: preheating for 10 min at 94˚C was followed by 40 cycles of 1 min at 94˚C, 2 min at 40˚C, and 1.5 min at 72˚C and a final extension of 7 min at 72˚C. Each PCR experiment was performed with positive and several negative PCR controls. The final PCR products were separated by electrophoresis in 1.8% agarose gel. SPF was performed in a final reaction volume of 40 µl, containing 4 µl of the isolated DNA, 4 µl of the 10X Buffer, 3.2 µl of each deoxynucleoside triphosphate, 0.5 µl of forward and reverse primers, and 2.5 units of Taq DnA polymerase (Genebase Bioscience). PCR conditions were as follows: preheating for 1 min at 94˚C was followed by 40 cycles of 1 min at 94˚C, 1 min at 45˚C, and 1 min at 72˚C and a final extension of 5 min at 72˚C. Each PCR experiment was performed with positive and several negative PCR controls. The products of PCR were then fractionated on 12% polyacrylamide gel electrophoresis, PAGE gels. As for all methods of HPV-DNA detection and genotyping, see Table Ⅰ for the detailed primer sequences and size of the product. If results of the three methods were all consistent with each other and negative, the samples were then demonstrated as HPV-negative samples; conversely, if HPV detection of the sample was positive in at least one of the three measures, the samples were defined as positive samples and were further detected by HPV type specific PCR for HPV16 and HPV18 (26, 27) . Details of PCR are available from the corresponding author.
Statistical analysis. Statistical tests were performed with SPSS version 17.0 (SPSS, Chicago, IL, uSA). The correlation between the RASSF1A mRNA expression and the cell lines was analyzed by the analysis of variance (ANOVA), and multiple comparisons were analyzed by the LSD. The correlations between the clinicopathological characteristics and the methylation status of RASSF1A gene were tested using the χ 2 test. Differences were considered significant at P<0.05.
Results
Analysis of RASSF1A methylation and expression in HPV-positive and HPV-negative cervical cancer cell lines.
RASSf1A promoter methylation status was detected in five cervical cancer cell lines by MSP. The results showed that RASSF1A promoter was hypermethylated in two HPV-negative cell lines (C-33A, HT-3), but not in the three HPV-positive cell lines (HeLa, SiHa and Caski) ( Fig. 2A) . RASSF1A mRNA and protein expression were detected in unmethylated cell lines HeLa, SiHa and Caski, whereas no RASSFIA expression was detected in the two HPV-negative cell lines HT-3 and C33A with hypermethylated promoters (Fig. 2A) . TA clone and BGS results of RASSf1A in these five cell lines showed densely methylated CpG sites C-33A and HT-3 cell lines, while only scattered methylated CpG sites were detected in HeLa, SiHa and Caski ( fig. 2B ). BGS analysis confirmed the MSP results. ( Table Ⅱ) and western blotting ( fig. 3A) , concomitant with the demethylation of its promoter detected by BGS (Fig. 3B) . No significant changes in the expression and promoter methylation of RASSF1A were detected in Caski cell before and after being treated with 5-Aza-dc of different concentrations. As the results in Table Ⅱ 
Impact of HPV16 oncogene E6/E7 on methylation status
and expression of RASSF1A in HT-3 and C33A cells. BGS results (Fig. 4A) showed that among the HPV16 E6, E7 or E6/E7-transfected cell lines, RASSF1A promoter methylation status was relatively downregulated in the HT-3E6/E7 cells but not in the HT-3E6, HT-3E7, HT-3V, C33A-V, C33AE6, C33AE7 and C33AE6/E7 cells compared with the primary HT-3 and C33A cells. The RT-PCR and western blot results (Fig. 4B) revealed that among the HPV16 E6, E7 or E6/E7-transfected cell lines, RASSF1A re-expressed in HT-3E6/E7 cells but not in the HT-3E6, HT-3E7, HT-3V, C33A-V, C33AE6, C33AE7 and C33AE6/E7 cells, which is consistent with the BGS result (Fig. 4A) . (Fig. 5B) . Thus, there was a false negative rate (FNR) of 6.25% by HC2 method, when Table Ⅲ ). Of the 70 SCC, the result showed a statistically reversed relationship between RASSF1A methylation and HPV16 infection (P<0.05). While of the 20 adenocarcinoma (AC), no significant differences was found between RASSF1A methylation and HPV16 infection. Examples of MSP and BGS results are shown in fig. 6A and B. DnA sequencing analyzed by chromas software confirmed the results (Fig. 6C) .
Discussion
Specific changes in gene expression in cancer cells could result from epigenetic modifications, such as DnA hypermethylation, which subsequently inactivate some tumor suppressor genes (28) . Together with genetic changes, epigenetic modifications can be a driving force behind the stepwise progress of cancer initiation, promotion and progression (29) . Despite cervical cancer screening with Pap cytology and HPV testing, cervical cancer remains one of the leading causes of death in women worldwide. HPV is the known etiologic agent for cervical cancer, which can induce epigenetic changes in host cells (30) . After HPV infection, normal cervical epithelia must accumulate some important genetic and epigenetic changes which play pivotal roles in gene transcriptional regulation to become an invasive cancer (31) . These results indicate that methylation and silence of TSGs induced by HPV may be an important oncogenic mechanism for the development of cervical cancer. It is scientifically significant to explore the relationship between hrHPV infection and TSGs inactivation.
The RASSF1A gene has been demonstrated to be a potential TSG in cervical cancers and its hypermethylation is considered as one of the earliest events in tumorigenesis (9, 23, 32, 33) . Both aberrant methylation of the RASSF1A promoter and hrHPV infection are often observed in cervical cancers but their mutual relationship has not been determined (23, 24, 34) . Our current study confirmed that two HPV-negative cervical cancer cell lines had a methylated and silenced RASSF1A promoter (C-33A and HT-3), whereas the other three HPV positive cervical cancer cell lines expressed RASSF1A mRNA (Hela, SiHa and CaSki), which is consistent with the findings of previous research (24, 35) . The silence and hypermethylation status of RASSF1A in the two HPV-negative cervical cancer cell lines (C-33A and HT-3) could be reversed by demethylating agent 5-Aza-dC treatment and the influence was concentration dependent. This is the first demonstration that the RASSf1A mRNA could be reactivated by downregulating its promoter methylation status using demethylating agent 5-Aza-dC, similar to the impact of 5-Aza-dC on RASSF1A gene in esophageal squamous cell carcinoma, synovial sarcoma and melanoma (36) (37) (38) . Our results showed that the methylation status and expression of RASSF1A gene between the two HPV-negative cervical cancer cell lines (C-33A and HT-3) and three HPV-positive cervical cancer cell lines (HeLa, SiHa and CaSki) were significantly different. Besides, our result showed that the methylation status and expression of RASSF1A gene could be regulated by 5-Aza-dC. The above evidence may imply that there exists a possible interaction between hrHPV infection and RASSF1A methylation in tumorigenesis of cervical cancer.
The oncoproteins E6 and E7 of hrHPV, especially in HPV16/18, have been proved to play critical roles in cervical cancer through different pathways, including inactivating the products of tumor suppressor genes p53 and Rb, respectively (39, 40) . RASSf1A can induce cell cycle arrest by engaging the Rb family cell cycle checkpoint and the RASSF1A-induced cell cycle arrest can be relieved by the downstream activators of the G1/S-phase transition (cyclin A and E7) (13, 24, 41) , revealing that E6, E7 may participate in the pathogenetic mechanisms of RASSF1A. In order to explore whether the hrHPV E6 and E7 could be correlated to RASSF1A promoter methylation and expression, we detected the expression and methylation status of RASSF1A in two HPV-negative cervical cancer cell lines HT-3 and C33A before and after they were transfected into HPV16 oncogenic genes E6, E7 and E6/E7 with lentivirus vectors. Our results showed that re-expression and downregulated promoter methylation status were found in the HT-3E6/E7 cells, but not in the HT-3V, C33A-V cells, indicating the ectopic expression of HPV16 E6/E7 may interact with aberrant methylation and expression of the RASSF1A gene without a disturbance of the transfected lentivirus vectors. However, expression and downregulated promoter methylation status of the RASSF1A gene were not found in HT-3E6, HT-3E7, C33AE6, C33AE7 and C33AE6/E7 cells (Fig. 4A and B) . In our research, the re-expression and downregulated methylation status of RASSF1A were not detected in HT-3E6, HT-3E7, HT-3V cells. Possible reasons may be the changes of RASSF1A need the co-action of E6 and E7. Likewise, reasons why the re-expression and downregulated promoter methylation status of RASSF1A gene were not found in the C33AE6, C33AE7 and C33AE6/E7 cells may arise from different cell types. nevertheless, the finding of the downregulated methylation status and re-expression of RASSF1A in HT-3E6/E7 was a phenomenon. This phenomenon is associated with the inter action between HPV16 E6/E7 and RASSF1A. However, further studies need to be focused on understanding the molecular mechanism(s) by which HPV16 E6/E7 impacts RASSF1A methylation status and expression.
Previous studies have showed an inconclusive result of mutual interaction between hrHPV infection and aberrant RASSF1A promoter methylation status. Some studies found an inverse correlation between RASSF1A methylation and hrHPV (type 16/18) infection in SCC (23, 24) , while other studies detected no correlation between HPV infection and RASSF1A promoter methylation. When exploring the potential relationship between hrHPV infection and RASSF1A promoter methylation in cervical cancers, selection of HPV-positive and HPV-negative cervical cancer samples are required. However, HPV detection could also be false negative (42, 43) . In our study, we used three PCR primer sets (MY09/11, GP5 + /6 + and SPf1/2) to confirm HPV infection status. The statistical analysis indicated there was no false positive in the HPV-positive cervical cancer samples, previously identified by HC2. While a false negative existed in the HPV detection by HC2 method, showing that only 8/14 (57.14%) HPV-negative clinical cervical cancer samples (previously identified by HC2) were confirmed all negative combining MY09/11, GP5 + /6 + and SPF1/2 methods. The poorly prepared cervical samples for Her2 test may contribute to the uncertain relationship between hrHPV infection and aberrant RASSF1A promoter methylation status to some extent.
Clinicopathological significance of RASSf1A promoter methylation status has been analyzed in various kind of human cancers. Evidence showed that aberrant methylation of RASSF1A promoter were associated with hormone receptor status in breast cancer (44) , correlated to responsiveness to chemotherapy in hepatoblastoma patients (45) , relevant to cigarette smoking in lung cancer. In cervical cancer, RASSF1A promoter methylation status was demonstrated to be not related to age, the type of cancer, lymph node metastasis, cancer grade, the FIGO stage or HPV genotyping (13, 46) . Our analysis showed that the methylation status of RASSF1A was not associated with neoadjuvant chemotherapy, tumor size, smoking or hormone receptors (HRs). Consistent with the previous studies (23, 24) , our result showed a statistically reversed relationship between RASSF1A methylation and HPV infection in SCC (P<0.05), while no significant differences was found in AC. Moreover, MSP analysis showed a significant hypermethylation RASSF1A in cervical cancer samples compared to normal cervical samples (P<0.05), revealing RASSF1A may act as a potential TSG in cervical tissues.
